Residue 219 impacts on the dynamics of the C-terminal region in glutathione transferase A1-1: implications for stability and catalytic and ligandin functions.
The C-terminal region in class alpha glutathione transferases (GSTs) modulates the catalytic and nonsubstrate ligand binding functions of these enzymes. Except for mouse GST A1-1 (mGST A1-1), the structures of class alpha GSTs have a bulky aliphatic side chain topologically equivalent to Ile219 in human GST A1-1 (hGST A1-1). In mGST A1-1, the corresponding residue is an alanine. To investigate the role of Ile219 in determining the conformational dynamics of the C-terminal region in hGST A1-1, the residue was replaced by alanine. The substitution had no effect on the global structure of hGST A1-1 but did reduce the conformational stability of the C-terminal region of the protein. This region could be stabilized by ligands bound at the active site. The catalytic behavior of hGST A1-1 was significantly compromised by the I219A mutation as demonstrated by reduced enzyme activity, increased K(m) for the substrates glutathione (GSH) and 1-chloro-2,4-dinitrobenzene (CDNB), and reduced catalytic efficiencies. Inhibition studies also indicated that the binding affinities for product and substrate analogues were dramatically decreased. The affinity of the mutant for GSH was, however, only slightly increased, indicating that the G-site was unaltered by the mutation. The binding affinity and stoichiometry for the anionic dye 8-anilino-1-naphthalene sulfonate (ANS) was also not significantly affected by the I219A mutation. However, the lower DeltaC(p) for ANS binding to the mutant (-0.34 kJ/mol per K compared with -0.84 kJ/mol per K for the wild-type protein) suggests that ANS binding to the mutant results in the burial of less hydrophobic surface area. Fluorescence data also indicates that ANS bound to the mutant is more prone to quenching by water. Overall, the data from this study, together with the structural details of the C-terminal region in mGST A1-1, show that Ile219 is an important structural determinant of the stability and dynamics of the C-terminal region of hGST A1-1.